OBJECTIVES: Composite grafting using the right internal thoracic artery (RITA) is occasionally performed when the in situ RITA does not have sufficient length to reach the target vessel. In this study, we assessed the clinical and angiographic outcomes of coronary artery bypass grafting (CABG) with V-composite grafting (defined as a distance between the proximal anastomosis of the RITA and the ascending aorta of ≤1 cm) using the RITA anastomosed to aortocoronary (A-C) bypass grafts.
INTRODUCTION
Bilateral internal thoracic artery (ITA) grafting has been reported to provide better long-term results than single ITA grafting [1] [2] [3] , and patency rates and survival benefits are satisfactory when bilateral ITA grafts are used for the left coronary system [4, 5] . The left ITA (LITA) has been used predominantly for revascularization of the left anterior descending coronary artery (LAD), and the right ITA (RITA) has usually been used for the second or third important coronary artery on the left side. Because the use of in situ RITA to the circumflex coronary system is occasionally limited because of its insufficient length, the RITA is sometimes used as a composite free graft proximally anastomosed to another graft.
Although composite Y-grafting using the LITA and the free RITA is generally accepted [6] , several concerns exist with respect to this graft configuration, including (i) the potential 'steal phenomenon' of the LITA by the free RITA and (ii) potential flow competition with the native coronary artery [7] . For these reasons, in our institution, we switched from using the LITA to the aortocoronary (A-C) bypass grafts [saphenous vein graft (SVG) or radial artery (RA)] as the inflow of the free RITA. The proximal anastomosis between the free RITA and the A-C bypass graft was performed as close as possible to the ascending aorta to avoid the influence of patency of the composite RITA. We named this graft configuration, 'V-composite grafting' (Fig. 1) .
In this retrospective observational study, we sought to evaluate the clinical outcomes and angiographic patency rates of coronary artery bypass grafting (CABG) with V-composite grafting using the RITA anastomosed to the A-C bypass grafts (SVG or RA). In this study, V-composite grafting was defined as a distance between the proximal anastomosis of the RITA and the ascending aorta of ≤1 cm. Sakakibara Heart Institute, Tokyo, Japan. Of these, 177 patients who underwent V-composite grafting with the RITA anastomosed to the A-C bypass graft (SVG or RA) were enrolled in this study. The preoperative characteristics of these 177 patients are summarized in Table 1 .
We used bilateral ITAs for patients who required revascularization of both the LAD and the circumflex artery territories whenever possible. When the in situ RITA did not have sufficient length to reach the target vessel, we used the RITA as a free graft and created a composite graft. The most frequently used arrangement was that the RA or SVG was used for the diagonal branch and the RITA was used for the circumflex artery. When creating a proximal anastomosis between the A-C bypass graft and the free RITA, the distance between the proximal anastomosis of the RITA and the ascending aorta was as short as possible to avoid the influence of patency of the RITA ('V-composite grafting').
We retrospectively reviewed the clinical and angiographic outcomes of the patients who underwent CABG with V-composite grafting using the RITA and the A-C bypass graft. This study was approved by the institutional review board of Sakakibara Heart Institute, and a waiver of informed consent was obtained.
Surgical procedures
Our strategy for isolated CABG was directed towards obtaining complete myocardial revascularization with an off-pump technique whenever feasible. The detailed operative technique of off-pump CABG has been previously published by our group [8] . All arterial grafts were harvested in a skeletonized fashion with an ultrasonic scalpel (Harmonic Scalpel; Ethicon Endo-Surgery, Inc., Blue Ash, OH, USA). Bilateral ITAs were taken down after olprinone solution (5 mg/15 ml) had been injected into the distal ends. The free RITA was harvested in a skeletonized fashion and preserved in a warm olprinone solution (10 000 U heparin and 10 mg olprinone in 1000 ml of normal saline solution). We bypassed all significantly diseased coronary vessels (those with at least a 50% diameter reduction) larger than 1 mm in diameter. When sequential grafting was constructed, diamond-shaped side-to-side anastomoses and terminal T-shaped anastomoses were our preferred approaches. If necessary, the anastomosis was rotated according to the angle between the graft and the vessel. After all distal anastomoses were completed, anastomosis of the inflow conduit (RA or SVG) and the free RITA was performed at the end of the procedures. When we anastomosed the free RITA to the inflow conduit, proximal anastomosis of the inflow conduit to the ascending aorta was performed first. We performed extensive reconstruction for the LAD when it was diffusely diseased and its branches, such as the septal and diagonal arteries, were affected by severe atheromatous plaques. The detailed indications, techniques and outcomes of long segmental reconstruction of the LAD have been described previously [9] . After completing all of the anastomoses, we used the SPY imaging system (Novadaq Technologies, Inc., Toronto, ON, Canada) and a transit-time flow meter to confirm graft patency.
Angiographic evaluation and clinical follow-up
Early postoperative angiography was performed in 127 (71.8%) patients, all of whom gave informed consent. The mean time of early postoperative angiography was 11 ± 10 days postoperatively. If patients began to have symptoms during follow-up, diagnostic Values are mean ± SD, or n (%).
angiography was performed at that time. Except when patients showed symptoms within 1 year after surgery, follow-up postoperative angiography was performed for 105 (59.3%) patients, and the mean time was 13 ± 2 months after surgery. Patients who died, refused angiographic evaluation, were older than 75 years of age, or had renal dysfunction (serum creatinine >1.2 mg/dl) were excluded from the angiographic follow-up. A patent graft anastomosis was defined as an anastomosis without occlusion, significant stenosis (>90%) or string sign of the graft near the anastomosis. String sign was defined as luminal narrowing of the graft, including stenosis ≥90%. Early and follow-up patency rates were calculated by dividing the number of patent anastomoses by the total number of anastomoses. In patients with non-patent anastomoses at early angiography, these anastomoses were counted among non-patent anastomoses at follow-up angiography. Follow-up was completed at an endpoint of death or the last date of follow-up (10 July 2014). The follow-up information was obtained by direct communication, postal questionnaire or telephone interview.
Definitions
Non-elective operations included both emergency and urgent cases according to the definitions used in the Society of Thoracic Surgeons database. Operative death was defined as death occurring during the same hospitalization or after discharge from the hospital but within 30 days of the procedure. Low-output syndrome was defined as the postoperative need for any dose of epinephrine or for more than 5 μg/kg/min of dopamine hydrochloride or dobutamine. Perioperative myocardial infarction was defined as a positive result for new Q waves in an electrocardiogram or a peak creatine kinase MB level of greater than or equal to five times the upper limit of normal (25 IU/l). Respiratory failure was defined as the requirement of prolonged ventilation (>48 h) or the presence of pneumonia. A postoperative stroke was defined as the occurrence of a new stroke and was confirmed by computed tomography. In patients with preoperative stroke, postoperative stroke was defined as worsening neurological deficit with new radiological findings.
Statistical analysis
Continuous variables are expressed as mean ± standard deviation if normally distributed. Otherwise, they are expressed as median with range. Categorical variables are given as actual numbers or percentages, and were compared with Pearson's χ 2 test with Yates' continuity correction or Fisher's exact test as appropriate. The cumulative survival rate was estimated by the Kaplan-Meier method. The differences were considered statistically significant at P < 0.05. All statistical analyses were performed with the use of IBM SPSS Statistics for Windows, Version 19.0 (IBM Corp., Armonk, NY, USA).
RESULTS

Clinical outcomes
Operative and postoperative data of the patients with V-composite grafting are summarized in Table 2 . The mean number of distal anastomoses per patient was 4.6 ± 1.0, and extensive reconstruction (≥4 cm) of the LAD was performed in 38 (21.5%) patients. The mean number of distal anastomoses of the RITA per patient was 1.3 ± 0.5. Inflow conduit of the RITA was the RA in 16 (9.0%) patients and the SVG in 161 (91.0%) patients. The target vessels of the composite RITA are listed in Table 3 . Individual and sequential grafting using a composite RITA was performed in 126 (71.2%) and 51 (28.8%) patients, respectively. The total number of distal anastomoses of the RITA was 232. Of these, 212 (91.4%) anastomoses were used for the circumflex territory and 20 (8.6%) were for the LAD or the diagonal branch.
Postoperative complications are also listed in Table 2 . There were no perioperative myocardial infarction, and stroke occurred in 1.7% of patients. There were 2 operative deaths (1 patient died of respiratory failure on postoperative day 58 and another patient died of an unknown cause on postoperative day 16 after discharge) and the operative mortality rate was 1.1%.
The median follow-up period was 2.9 years (range, 0.1-5.8 years), and there were 15 late deaths (myocardial infarction, multiorgan failure, stroke, unknown in 2, pneumonia in 2, congestive heart failure in 3 and cancer in 5) among the 177 patients during the follow-up period. The cumulative survival rate was 90.1 ± 2.5% at 3 years and 86.9 ± 3.3% at 5 years (Fig. 2) .
Angiographic outcomes
The patency rates of each graft are listed in Table 4 . The overall patency rates of the distal anastomoses of the composite RITA were 97.6% on early angiography and 93.6% on follow-up (at 1 year) angiography. The patency rates of the distal anastomoses of the LITA were 100% at early angiography and 99.0% at followup angiography. There were no significant differences in the early (P = 0.218) and follow-up (P = 0.069) patency rates between the LITA and the RITA. On follow-up angiography, there were 9 (9/140; 6.4%) occluded anastomoses and the target coronary arteries had mild (≤75%) stenosis in 2 of these (2/9; 22.2%). The stenosis grade (mild or more than mild) of the target vessel did not affect the patency rate of the distal anastomoses of the RITA (97.1 vs 89.9%; P = 0.076) at follow-up angiography. In addition, the inflow conduit (RA or SVG) did not affect the patency rate of the distal anastomoses of the RITA (100 vs 92.9%; P = 0.405) and there was no significant difference (P = 0.608) in the patency rate of the RITA between individual grafting (71/76; 93.4%) and sequential grafting (60/64; 93.8%).
DISCUSSION
It is well known that long-term outcomes after CABG using bilateral ITA for revascularization of the left coronary system are excellent [1] [2] [3] [4] [5] . Using the LITA has been recommended for revascularization of the LAD [10] , whereas the RITA has usually been used for the second-or third most important coronary artery on the left side. Since the in situ RITA provides excellent long-term patency [11] , we prefer to use the RITA as an in situ graft for revascularization of the left circumflex territory. However, the in situ RITA frequently does not have sufficient length to reach the distal branch (e.g. posterolateral branch) of the left circumflex artery. In this situation, we use the RITA as a free graft anastomosed to the ascending aorta or a composite graft anastomosed to another graft. Previously, we reported that patency rates of in situ and free RITA were comparable in early and 1-year angiographic studies [12] . However, the proximal anastomosis of the free RITA to the ascending aorta is technically demanding because of discrepancy of wall thickness between the RITA and the ascending aorta. Calafiore et al. [13] reported that the patency rate of the free RITA anastomosed to the ascending aorta was inferior to that anastomosed to the LITA, likely due to mismatched wall thickness between the RITA and the aorta. Therefore, when the RITA did not have sufficient length to reach the target vessel, we usually use the RITA as a composite graft anastomosed to another graft.
Composite Y-grafting with the RITA anastomosed to the LITA is a commonly adopted technique [6] . Previously, we have also performed composite RITA grafting using the LITA as the inflow for revascularization of the left circumflex artery territory. However, the potential risk of the steal phenomenon of the LITA or flow competition with the native coronary artery is a concern. The patency rate of both ITAs reportedly decreased when bilateral ITAs were used as the composite T-graft (similar configuration to the Y-graft) due to flow competition [7] . In addition, using positron emission tomography, Sakaguchi et al. [14] proved that arterial composite Y-grafts were not as effective as independent grafts for improving coronary flow reserve. Therefore, we consider that the indications for composite RITA grafting using the LITA as the inflow should be limited. Also, we perform extensive reconstruction with or without endarterectomy for diffusely diseased LAD [9] . In such cases, blood flow in the LAD is largely dependent on blood supplied from the LITA. For these reasons, we do not currently use the LITA as the inflow for the composite RITA.
Since mid-2008, we have used an A-C bypass graft, such as the RA or the SVG, as the inflow for the composite RITA for the abovementioned reasons. To date, there have been few reports describing composite RITA grafting using the A-C bypass graft as the inflow. Several studies have demonstrated that the patency rate of composite arterial grafting was reduced by flow competition with the native coronary artery when used for a mildly stenosed target vessel [7, 15] , and previous report from our institution has also confirmed that composite arterial grafting for mildly stenosed target vessels resulted in a higher incidence of graft occlusion or string sign [16] . V-composite grafting, which was defined as a distance between the proximal anastomosis of the RITA and the ascending aorta of ≤1 cm, was designed to minimize the detrimental effects of composite grafting, such as the flow competition or steal phenomenon. In this retrospective study, the stenosis grade (mild or more than mild) of the target vessel did not affect the patency rate of the distal anastomoses of the RITA at follow-up angiography. Although the exact mechanism is unknown, in our speculation, short distance from the ascending aorta to the proximal anastomosis site of the free RITA does not decrease the blood flow of the RITA graft, and therefore, the composite RITA with V-composite grafting may not be affected by flow competition when anastomosed to the target vessel with mild stenosis. Moreover, when the SVG is used as the inflow conduit for the composite RITA, the steal phenomenon with the RITA may occur because the SVG has a large diameter and a greater initial blood flow. We expect that short distance between the proximal anastomosis of the RITA and the ascending aorta can suppress the influence of the inflow conduit and improve the patency rate of the composite RITA.
There are several potential shortcomings of V-composite grafting. One of the disadvantages of V-composite grafting is the vein graft disease at the proximal anastomosis site of the SVG. Even when the distance between the proximal anastomosis of the RITA and the ascending aorta is very short, vein graft disease in the proximal anastomosis of the SVG, such as intimal hyperplasia, may affect the graft flow of the composite RITA. Another drawback is that the composite RITA, even with V-composite grafting, may not reach the distal branches of circumflex system especially in patients with a dilated left ventricle. For these cases, composite grafting using the LITA and the free RITA may be preferred. However, as we mentioned above, we consider that the indication of composite grafting using the LITA and the free RITA should be limited in order not to affect the blood flow of the LITA.
Our study has several limitations. First, the number of patients is relatively small. Secondly, all data were retrospectively collected and there may have been an information bias. Thirdly, follow-up angiography was performed for only 59.3% of the patients. We did not perform follow-up angiography for elderly patients (older than 75 years) or in patients with renal dysfunction (serum creatinine >1.2 mg/dl). Therefore, it is unclear whether our findings are applicable in such groups.
In conclusion, V-composite grafting using the RITA and the A-C bypass graft, which was defined as a distance between the proximal anastomosis of the RITA and the ascending aorta of ≤1 cm, provides excellent clinical outcomes with satisfactory angiographic patency rates. This graft configuration can be a useful option when the in situ RITA does not have sufficient length to reach the target vessels.
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